This paper uses daily data to perform an empirical analysis of the relationship between recent Japanese stock prices and macroeconomic variables under the zero or low interest policy in Japan. The empirical results indicate that short-term interest rates have not impacted Japanese stock prices. On the other hand, long-term interest rates, exchange rates, and foreign stock prices have been significant determinants of Japanese stock prices. This seems counter to traditional economic theory, but interest rates were quite low and other variables, such as exchange rates and other stock prices, play important roles in determining Japanese stock prices. 
world as per economic theory. However, in Japan, market interest rates have been almost zero starting with implementation of the zero interest rate policy in 1999 and with the quantitative monetary easing policy beginning in 2001. Also, many developed economies have introduced low interest rate policies. The effect of changes in interest rates on stock prices may have been decreasing or negligible. Stock prices have risen under very low interest rates. Although this increase is not large, it seems important to examine the reason carefully. There may be other macroeconomic factors that affect stock prices. So this article examines what deterministic elements influence Japanese stock prices are. Zero or low interest rate policies have been implemented not only in Japan but also in other countries. For this reason, other factors present in foreign countries should be considered. Also, term structure of interest rates should be taken into account.
The following section examines the relationship between the Japanese stock markets and other markets. I then provide the theoretical framework of the analysis followed by application of the empirical method and analysis of the deterministic elements of stock prices in Japan. More concretely, section 2 reviews existing studies about the relationship between stock prices and macroeconomic variables. Section 3 provides theoretical analyses for later empirical analyses. Section 4 shows the empirical analyses and examines the results. Finally, the article concludes with a brief summary.
2.0
Relationship between stock market and other macroeconomic factors
The relationship between stock prices and macroeconomic variables has long been discussed all over the world. Campbell (1987 Campbell ( , 1991 , Campbell and Shiller (1998) , Cutler, Poterba, & Summers (1989) , Fama and Schwert (1997) and Hodrick (1992) showed that short-and long-term interest rates have a modest degree of forecasting power for excess stock returns. Similarly, other studies, such as Campbell and Shiller (1991) and Fama (1984) , have shown that the slope of the term structure of interest rates helps to forecast excess stock returns.
On the other hand, Campbell and Ammer (1993) and Hamori and Honda (1996) showed that short-term interest rates affect stock prices. During the 1980s and 1990s, many researchers analyzed the relationship between stock prices and interest rates. One reason seems that so-called normal interest rates are prevalent in Japan.
This paper discusses the elements of daily stock prices in Japan. Daily stock prices are determined by many elements, including enterprise performance, dividends, other countries' stock prices, gross domestic product (GDP), exchange rates, interest rates, current account, money stock, employment, and so on. Countless factors can impact stock prices.
It seems natural that the elements that influence stock prices change over time. For example, in 1970s and early 1980s, inflation rates were high all over the world, which impacted stock prices. Since then, in general, interest rates have had much influence on stock prices. This paper focuses on the recent period, especially after the quantitative easing. Note that interest rates have been quite low, as indicated by the term zero interest rate. Also, many developed countries have employed low interest rate policies. It is uncertain whether the interest rate has had an effect on stock prices. There is some possibility that other factors have been more influential than the interest rates.
Black Monday occurred in 1987 in the United States. Stock prices drop tremendously all over the world. At that time, the international interdependence of stock prices received much attention, which prompted studies by Eun and Shim (1989) , Jeon and Chiang (1991) , Lai, Lai, & Fant (1993) , Chowdhury (1994) , and Hirayama and Tsutsui (1998) . Liow, Muhammad, and Huang (2006) showed that the expected risk premium and the conditional volatilities of the risk premium on property stock are time-varying and dynamically linked with the conditional volatilities of macroeconomic factors. However, there are few recent studies on the topic. Meric (2012) showed that US stock markets largely influence the European and Australian stock markets. Also, Meric, Kimb, Geng, and Meric (2012) indicated that Singapore, Indian, and Japanese stock markets are the most influential markets and the Philippine and South Korea stock markets are the least influential stock markets in Asia. Mazuruse (2014) found that stock returns in Zimbabwe are most largely influenced by the changes in consumer price, money stock, exchange rate, and Treasury bill. Pradhan, Arvin, Norman, and Hall (2014) showed that banking sector maturity and stock market maturity are causally linked.
Little research exists on the effect of the exchange rate on stock prices. Hamao (1988) investigated this relationship and found that the exchange rate was insignificant for Japan, but Choi, Hiraki, & Takezawa (1998) reported that the exchange rate is an important factor. Homma, Tsutsui, and Benzion (2005) stated that stock investors evaluate firms' foreign asset positions and respond to changes in exchange rate. Demarzo and Duffie (1995) , Barton (1996) , Brown (2001) , and Pincus and Rajgopal (2003) argued that hedging using derivatives can reduce the amount of noise in corporate earnings. Since the 1980s, capital movement across countries has been dramatic. In spite of the reduction in fluctuations of the exchange rate in the 1990s compared to the 1980s, the movement should not be ignored. From the middle of the 2000s, exchange rate instability has been prevalent. In the latter half of the 2000s, exchange rates fluctuated greatly. There is some possibility that exchange rate has been influencing Japanese stock prices.
The influence of macroeconomic variables and relationships among them have been changing constantly, as noted above. Under such circumstances, theoretical analysis is important; however, the research must rely on empirical analysis. Not only Japanese data but also data from other countries are included for estimations. Some empirical analyses, for example, VAR are employed to examine the deterministic elements of Japanese stock prices.
There is some dispute about statistical properties. For the last 10 years or so, empirical and statistical methods have improved rapidly. Above all, time series analysis has improved greatly. The unit root test, for example, has become popular and necessary to estimation. This paper therefore differs from most past studies in the empirical methods. Also, data availability has changed. This paper uses daily data. Some past studies on this topic have used quarterly or monthly data.
In academic fields, most studies have used rates of stock prices, which are more suitable for measuring the effects of some kinds of shocks and events. However, in the real world, price differences are more important to trade in many cases. Changes of data are used for both academic-interest oriented and investor-interest oriented approaches.
Because these events are fairly recent, few studies have addressed this issue. Some papers have dealt with only the era of quantitative easing; however, few studies have been done for the era of zero or low interest rate policy. However, it seems important to examine the effectiveness of the zero or low interest rate policy. The findings can be useful in providing policy implications.
3.0 Theoretical framework
Empirical method for analysis
This paper starts with the unit root tests of all of the variables. For this purpose, an augmented Dickey-Fuller (ADF) statistical test is used to determine whether the series is stationary. Standard inference procedures do not apply to regressions that contain an integrated dependent variable or integrated regressors. Therefore, it is important to determine whether or not a series is stationary. To do this, it is necessary to change some variables from nonstationary to stationary time series and calculate a regression.
Following the ADF statistical test, the present approach uses a cointegration test. It is known that a linear combination of two or more nonstationary time series may be stationary. Also, most financial data (except interest rates) are not stationary. If such a stationary linear combination exists, the nonstationary time series is said to be cointegrated. The stationary linear combination is interpreted as a long-run equilibrium relationship among the variables.
After that, the vector error correction (VEC) model is used. This model is a restricted VAR designed for use with nonstationary series that are known to be cointegrated. The VEC has cointegration relations in the specification so that it restricts the long-run movement of the endogenous variables to converge to their cointegrating relationships while allowing for short-run adjustment dynamics. The next step is impulse responses. A shock to the i-th variable not only directly affects the j-th variable but is also transmitted to all of the other endogenous variables by the dynamic (lag) structure of the VAR. The impulse response function traces the effect of a one-time shock to one of the movements on current and future values of the endogenous variables.
Relationships among variables
Economic theory in general provides firm concepts for macroeconomic variables as related to stock prices. Stock prices are thought to be influenced not only by dividends and future expectations for the issuing company's performance but also by macroeconomic variables. Traditional research has indicated that an interest rate increase (or decrease) usually induces the decline (or increase) of stock prices. However, empirical studies have provided various results. For example, when economic recovery is too strong, the effect of rising interest rates on stock prices occurs. In the case of interest rates in foreign countries, the influence on domestic stock prices is complicated. Usually, rising foreign interest rates induce a decrease in that country's stock prices, and as a result, domestic stock prices decrease. However, there is some possibility that depreciation of domestic currency by high foreign interest rates may increase domestic stock prices. It is difficult to determine whether changes in the exchange rate produce a positive or negative effect. It can be said clearly, however, in an export-oriented country such as Japan, that depreciation of the currency increases exports and raises stock prices. In analyses of recent stock price fluctuations, exchange rate movements seem to be an inevitable factor to consider stock prices movements because large volumes of capital move every day, not only for international trade but also for capital investment. Note. Significant levels at 10%, 5%, and 1% are -2.567, -2.863, and -3.433.
As shown in the table, one of the three interest rates (FF) are significant (at 1%); however, the other variables, excluding some differences of interest rates, are not significant. All of the lagged variables and variable rates are significant at 1%. All of the variables that take lagged first difference are stationary.
Regression analysis.
Using these results, Japanese stock prices are regressed by the US stock price, exchange rate, and interest rates. Table 2 provides the variables of the estimation equations and the estimated results by OLS. Equation (2) shows the results when insignificant variables are omitted from equation (1). The results of equations (1) and (2) are almost clear and they show some interesting points. First, interest rates, except for 10-year treasury bonds, are not significant. This fact is counter to traditional economic/finance theory. The reason is that interest rates in developed countries are quite low, which reflects financial authorities' desire to promote lending and investment. However, domestic long-term interest rates are still one of the indicators of stock prices. Second, instead of interest rates, stock prices correlate with each other in the cases of the DOW and DAX. Also, exchange rates impact stock prices as expected. Depreciation of the yen influences stock prices as depreciation may be considered to promote exports.
Cointegration test
As indicated in the unit root tests above, variables other than one interest rate are not stationary. In recent standard econometrics, cointegration is checked in this case. The finding that many macro time series may contain a unit root has caused the development of the nonstationary time series analysis. A linear combination of two or more nonstationary series are said to be cointegrated. The stationary linear combination may be interpreted as a long-run equilibrium relationship among the variables.
Impulse responses
An impulse response function traces the effect of a one-time shock to one of the innovations on current and future values of the endogenous variables. The model and the results are shown in Table 3 (one time difference). The results show that if US stock prices rise, Japanese stock prices rise next day. However, the shock will extinguish in a week. The effect on Japanese stock prices is the same with the exchange rate. Depreciation of the Japanese yen causes increases in Japanese stock prices; however, the effect will extinguish in a week or so.
Conclusion
This paper examined the era of the zero or low interest rate policy. Focusing only quantitative easing policy is important as this policy is drastic; however, this analysis indicates important issues for policymakers. Applicable cases are much more than the cases of quantitative easing policy in other countries. Also, the results of empirical studies have provided important information. Above all, interest rates have not influenced Japanese stock prices. Instead, exchange rates and stock prices of other countries have large impacts on Japanese stock prices. Of course, it is in reality impossible to control exchange rates and other countries' stock prices; however, policymakers should carefully consider these factors in some cases.
Moreover, other empirical methods, for example ARDL (auto regressive distributed lags) would be useful as ADF tests are not sometimes certain. However, such analyses performed for this study did not provide clear results. Finally, this analysis is thought to be a reduced-form analysis. Structural model(s) in the analysis are in the socalled black box. I offered some important and suggestive points for stock prices; however, this problem also should be considered carefully. Furthermore, it would be interesting to investigate the efficiency of stock markets in terms of the speed of reaction if it were possible to determine returns for every minute, for example. These are, however, reserved for future study.
